Vasculogenesis is the mechanism of differentiation of precursor cells to endothelial cells that develop de novo vascular networks. We sought to determine this by the use of periodic acid-Schiff (PAS) stain, endothelial markers (CD34, CD105) and laminin, and by transmission electron microscopy in two cases. The results demonstrated that endothelium-lined vessels dominated the tumor microvasculature and these stained positively for PAS, laminin, and endothelial markers. Mosaic and tumorlined vessels were infrequently encountered. Most PAS-positive patterned networks a n d l o o p s u l t r a s t r u c t u r a l l y r e p r e s e n t e d i n t r a t u m o r microhemorrhages that probably arose secondary to tumor vessel leakiness. Vascular channels of the vasculogenic mimicry type were rare. They stained for laminin but not for endothelial markers.
Introduction
Vasculogenesis is the mechanism of differentiation of precursor cells to endothelial cells that develop de novo vascular networks. We sought to determine this by the use of periodic acid-Schiff (PAS) stain, endothelial markers (CD34, CD105) and laminin, and by transmission electron microscopy in two cases. The results demonstrated that endothelium-lined vessels dominated the tumor microvasculature and these stained positively for PAS, laminin, and endothelial markers. Mosaic and tumorlined vessels were infrequently encountered. Most PAS-positive patterned networks a n d l o o p s u l t r a s t r u c t u r a l l y r e p r e s e n t e d i n t r a t u m o r microhemorrhages that probably arose secondary to tumor vessel leakiness. Vascular channels of the vasculogenic mimicry type were rare. They stained for laminin but not for endothelial markers.
Materials and Methods
Tissue Specimens from the series of eight cases of primary oral malignant melanoma diagnosed at the Department of Oral Pathology and Medicine, Okayama University, two cases representing the most recently diagnosed (1998 and 1999) were selected for this preliminary study. This is to minimize the inherent problems of preservation of formalin-fixed, paraffin-embedded tissue blocks that may compromise optimal immunohistochemical staining. These slides were reviewed and confirmed as primary oral malignant melanomas. New 4-5µm sections were cut and stained routinely with hematoxylin-eosin and periodic acid-Schiff (PAS) without hematoxylin counterstaining so as to reduce background cellular details that may mask the detection of PASpositive patterned networks.
Results

Light Microscopic and Immunohistochemical Observations
Microscopically, both tumors consisted of solid sheets of melanoma cells disposed in a predominant lobular growth pattern. Melanin pigmentation was patchy and of a moderate amount. Except for one case in which the surface oral mucosa was ulcerated and covered with a fibrinopurulent membrane, necrosis was not observed in the multiple tumor samples examined. Hematoxylineosin-stained sections showed tumor microvasculature consisting of scattered irregularly shaped blood vessels and many slit-like channels also containing blood or fibrinous material (data not shown). PAS staining demonstrated the formation of complex networks and closed loops within the vertical growth phase of these tumors, each loop surrounding smaller lobules or nests of melanoma tumor cells (Fig 1A) . Immunohistochemical examination showed that some intratumor vessels were positively stained with pan-endothelial marker anti-CD34 antibodies ( Fig  1D) but were not positively stained with anti-CD105 antibodies, indicating that these represented normal vessels entrapped within tumor tissues. Other intratumor blood vessels stained positively for both anti-CD34 and anti-CD105 antibodies but with strong expression of the latter marker (Fig 1D,E) , thus indicating that these represented areas of activated endothelial cells and tumorassociated neoangiogenesis. Moreover, CD105 stained melanoma cells, suggesting that activated melanoma cells may potentially show endothelial cell-like characteristics, which results in vasculogenic mimicry. However, in areas of PAS-positive vascular loops and patterned networks, a weak to negative reaction for these endothelial markers was observed. Laminin regularly stained the basal lamina of the normal vessels, intratumor blood vessels, and areas containing PAS-positive networks and loops (data not shown). In the latter, laminin positivity produced a reticular meshwork pattern.
Transmission Electron Microscopic Observations
Tumor-associated vessels, consisting of capillary-like structures lined by normal endothelial cells, were identified within the tumor mass. These probably represented entrapped normal vessels and/ or new tumor vessels co-opted from the existing host vasculature. In the PAS-positive networks and loops, many of these loops were hollow irregular channels, containing red blood cells and fibrinous material and lined with melanoma tumor cells (Fig.2) . Most were intratumor microhemorrhages that probably occurred secondary to tumor vessel leakiness. Residual collagen fibrils were identified within them, confirming that these were stromal compartments and not vascular lumens (data not shown). True tumor-lined vessels and mosaic vessels in which endothelial and melanoma tumor cells formed the luminal surfaces were infrequently encountered. Vascular channels composed of solid or hollow ECM columns were also rare. In these channels, red blood cells and an internal basal lamina lining were identified. Melanoma cells lined these channels externally. Endothelium was absent.
Discussion
Angiogenesis is an essential process in the progression of malignant tumors during growth and metastasis. In these cases, the tumors presented clinically as large pigmented nodular masses arising from the mucoperiosteum of the hard palate and maxillary gingival tissues. Extensive bilateral cervical nodal metastases were present in one case but these tissues were not included for evaluation here. In conclusion, the results of this preliminary study suggest that primary oral malignant melanoma has a heterogeneous tumor microvasculature consisting predominantly of endotheliumlined blood vessels and, to a lesser extent, tumor cell-lined blood vessels and rare matrix-rich vascular channels. Ultrastructure of vessel-like space with extravasated erythrocytes and fibrinous materials present in the interstices of the melanoma tumor due to intratumor hemorrhage (arrows). Collagen fibrils were identified in these spaces at a higher magnification (not shown), confirming that these spaces are stromal compartments. Magnification 2100.
